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installed 1n a body of the vehicle and a wheel of the vehicle,
a first fluid container 1nstalled at a left side of a center of the
leat spring and including a first magnetorheological fluid,
and a second fluid container installed at a right side of the
center of the leaf spring and including a second magneto-
rheological flud.
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COMPOSITE MATERIAL SPRING FOR
SUSPENSION DEVICE OF VEHICLE, AND
METHOD FOR CONTROLLING DRIVING

OF VEHICLE USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent
Application No. 10-2020-0169510, filed on Dec. 7, 2020,
which application i1s hereby incorporated herein by refer-
ence.

TECHNICAL FIELD

The present invention relates to a suspension device of a
vehicle.

BACKGROUND

In general, a body of a vehicle 1s supported by a suspen-
sion device connected to a wheel. The suspension device
absorbs various vibrations and impacts generated during
vehicle dniving to enhance a nide quality, and adjusts an
overall balance of the vehicle body according to a road
surface state. In addition, when the vehicle turns, the sus-
pension device can secure stable controllability for a driver
against a centrifugal force, and prevent a tilting phenomenon
of the vehicle body caused by the centrifugal force.

In order to acquire the above eflects, a leal spring using
a spring steel plate and a coil spring wound 1n a coil shape
are generally applied to such a suspension device.

Among them, the leal spring i1s primarily applied to the
suspension device of a commercial vehicle. The leaf spring
itsell serves as a structure member as a part of the suspen-
sion device, and serves to prevent an external force from
being directly transferred to a vehicle body frame and
determine the ride quality by forming a reaction force to
support a relative vertical motion generated 1n the vehicle
body frame. Further, among the leafl springs applied to the
suspension device for a vehicle, a leal spring installed to
connect left and right suspension devices 1n a transverse
direction with respect to an anteroposterior direction of the
vehicle body 1s referred to as a transverse leatl spring.

The above nformation disclosed in this Background
section 1s only for enhancement of understanding of the
background of the mvention, and therefore 1t may contain
information that does not form the prior art that 1s already
known to a person of ordinary skill in the art.

SUMMARY

The present invention relates to a suspension device of a
vehicle. Particular embodiments relate to a composite mate-
rial spring for a suspension device of a vehicle, and a method
for controlling driving of a vehicle using the same.

Embodiments of the present invention provide a compos-
ite material spring for a suspension device of a vehicle, and
a method for controlling driving of a vehicle using the same,
which can enhance a ride quality and driving stability of the
vehicle.

An exemplary embodiment of the present invention pro-
vides a composite material spring for a suspension device of
a vehicle, the composite material spring including a leaf
spring installed 1n a body of a vehicle and a wheel of the
vehicle, a first fluid container installed at a left side of the
center of the leaf spring and including a first magnetorheo-
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logical tluid, and a second fluid container mstalled at a right
side of the center of the leaf spring and including a second
magnetorheological fluid.

The first fluid container may 1nclude electromagnets that
apply a magnetic field to the first magnetorheological fluid
to adjust the stifiness of the composite material spring, and
the second fluid container may include electromagnets that
apply a magnetic field to the second magnetorheological
fluid to adjust the stiflness of the composite material spring.

The first fluid container and the second tluid container
may be installed in the leaf spring.

Another exemplary embodiment of the present invention
provides a method for controlling driving of a vehicle using
a composite material spring for a suspension device of a
vehicle, the method 1ncluding determining, by a controller,
whether a longitudinal inclination angle of a vehicle accord-
ing to a rear load of the vehicle 1s equal to or more than a
reference inclination angle, and when the longitudinal 1ncli-
nation angle of the vehicle 1s equal to or more than the
reference inclination angle, controlling, by the controller, the
stiflness of a composite material spring installed in a rear
wheel of the vehicle to be larger than the stifiness of a
composite material spring installed in a front wheel of the
vehicle, 1n which the composite material spring includes a
leat spring installed 1n a body of the vehicle and a wheel of
the vehicle, a first fluid container installed at a left side of the
center of the leaf spring and including a first magnetorheo-
logical fluid having stifiness adjusted according to the
amount of output current of the controller, and a second fluid
container installed at a right side of the center of the leaf
spring and including a second magnetorheological fluid
having stiflness adjusted according to the amount of output
current of the controller.

The first fluid container may include first electromagnets
that apply a magnetic field to the first magnetorheological
fluid to adjust the stifiness of the magnetorheological tluid,
and the second fluid container may include second electro-
magnets that apply a magnetic field to the second magne-
torheological fluid to adjust the stiflness of the magneto-

rheological fluid.

The first fluid container and the second fluid container
may be installed 1n the leaf spring.

The method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle may further imnclude determining, by the controller,
whether a steering angle of a steering wheel of the vehicle
1s equal to or more than a reference steering angle and
whether steering of the steering wheel of the vehicle 1s
counterclockwise, and when the steering angle of the steer-
ing wheel of the vehicle 1s equal to or more than the
reference steering angle and the steering of the steering
wheel of the vehicle 1s counterclockwise, controlling, by the
controller, the stiflness of a composite material spring
installed 1n a right wheel of the vehicle to be larger than the
stiflness of a composite material spring installed 1n a left
wheel of the vehicle.

The method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle may further include when the steering angle of the
steering wheel of the vehicle 1s equal to or more than the
reference steering angle and the steering of the steering
wheel of the vehicle 1s clockwise, controlling, by the con-
troller, the stiflness of the composite material spring
installed 1n the left wheel of the vehicle to be larger than the
stiflness of the composite material spring installed 1n the
right wheel of the vehicle.
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The method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle may further include determining, by the controller,
whether the steering angle of the steering wheel of the
vehicle 1s equal to or more than a reference steering angle
and whether a velocity of the vehicle 1s equal to or more than
a reference velocity, and when the steering angle of the
steering wheel of the vehicle 1s less than the reference
steering angle and the velocity of the vehicle 1s equal to or
more than the reference velocity, controlling, by the con-
troller, the stiflness of the composite material springs includ-
ing the composite material springs installed in the front
wheel, the rear wheel, the left wheel, and the right wheel of
the vehicle to be smaller than a reference value.

The method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle may further include when the steering angle of the
steering wheel of the vehicle 1s less than the reference
steering angle and the velocity of the vehicle 1s less than the
reference velocity, controlling, by the controller, the stifiness
of the composite material springs, installed in the front
wheel, the rear wheel, the left wheel, and the right wheel of
the vehicle, with the reference value.

The method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle may further include determiming, by the controller,
whether an acceleration velocity of the vehicle 1s equal to or
more than a reference acceleration velocity and an accel-
eration of the vehicle 1s a forward-direction acceleration of
the vehicle, and when the acceleration velocity of the vehicle
1s equal to or more than the reference acceleration velocity
and the acceleration of the vehicle 1s the forward-direction
acceleration of the vehicle, controlling, by the controller, the
stiflness of the composite material spring installed 1n the rear
wheel of the vehicle to be larger than a reference value.

The method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle may further include when the acceleration velocity
of the vehicle 1s less than the reference acceleration velocity,
controlling, by the controller, the stifiness of the composite
material springs including the composite material springs
installed 1n the front wheel, the rear wheel, the left wheel,
and the right wheel of the vehicle with the reference value.

The method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle may further include when the acceleration velocity
of the wvehicle 1s equal to or more than the reference
acceleration velocity and the acceleration of the vehicle 1s a
backward-direction acceleration of the vehicle, controlling,
by the controller, the stifiness of the composite material
spring installed 1n the front wheel of the vehicle to be larger
than the reference value.

The method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle may further include determiming, by the controller,
whether there 1s a protrusion on a front road on which the
vehicle 1s to travel, and after determiming that there 1s the
protrusion 1n the front road of the vehicle, controlling, by the
controller, the stifiness of the composite material spring
installed 1n the front wheel of the vehicle to be smaller than
a reference value when the front wheel of the vehicle reaches
the protrusion and then controlling, by the controller, the
stiflness of the composite material spring installed 1n the rear
wheel of the vehicle to be smaller than the reference value
when the rear wheel of the vehicle reaches the protrusion.

The method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
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vehicle may further include when there 1s no protrusion on
the front road of the vehicle, controlling, by the controller,
the stiflness of the composite material springs including the
composite material springs installed 1n the front wheel, the
rear wheel, the left wheel, and the right wheel of the vehicle
with the reference value.

According to the aforementioned exemplary embodi-
ments of the present invention, a composite material spring
for a suspension device of a vehicle, and a method for
controlling driving of a vehicle using the same can enhance
a ride quality and driving stability of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

A brief description of each drawing 1s provided 1n order
to help more suflicient understanding of the drawings used
in a detailed description of the present invention.

FIG. 1 1s a diagram (perspective view) for describing a
composite material spring for a suspension device of a
vehicle according to an exemplary embodiment of the
present 1nvention.

FIG. 2 1s a diagram for describing a flmud container
included 1n the composite material spring for a suspension
device of a vehicle illustrated in FIG. 1.

FIGS. 3 and 4 are tlowcharts for describing a method for
controlling driving of a vehicle using a composite material
spring for a suspension device of a vehicle according to an
exemplary embodiment of the present invention.

FIG. 5 1s a block diagram for describing a driving control
device of a vehicle to which the method for controlling
driving of a vehicle illustrated 1n FIGS. 3 and 4 1s applied.

The following elements may be used 1n connection with
the drawings to describe embodiments of the present inven-
tion.

10: Leat spring

12: First fluid container

14: Second fluid container
200: Sensor

220: Controller
240: Composite material spring

T

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

In order to sufliciently appreciate embodiments of the
present invention and objects achieved by carrying out
embodiment of the present imvention, reference should be
made to the accompanying drawings illustrating the exem-
plary embodiments of the present invention and contents
disclosed 1n the accompanying drawings.

Heremaiter, embodiments of the present invention will be
described 1n detail by describing the exemplary embodi-
ments of the present invention with reference to the accom-
panying drawings. In the following description of embodi-
ments of the present mvention, detailed explanations on
related publicly-known configurations or functions are omit-
ted when 1t 1s determined that the detailed explanations may
obscure the subject matter of the present invention. Like
reference numerals presented in each drawing may refer to
like elements.

Terms used 1n the present specification are used only to
describe specific exemplary embodiments, and are not
intended to limit the present invention. A singular form may
include a plural form unless otherwise clearly defined 1n the
context. In the present specification, it should be understood
that term “include” or “have” indicates the presence of a
feature, a number, a step, an operation, a component, a part
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or the combination thereof described 1n the specification, but
does not exclude the possibility of presence or addition of
one or more other features, numbers, steps, operations,
components, parts or combinations thereof, 1n advance.

Throughout the specification, when 1t 1s described that a
part 1s “connected” with another part, 1t means that the part
may be “directly connected” with the other part and the parts
may be “electrically or mechanically connected” to each
other with still another element mterposed therebetween.

Unless otherwise defined, terms used herein and including
technological or scientific terms have the same meanings as
those generally understood by those with ordinary skill in
the art (those skilled 1n the art). Terms which are defined in
a generally used dictionary should be interpreted to have the
same meaning as the meaning 1n the context of the related
art, and are not interpreted as 1deally or excessively formal
meanings unless clearly defined 1n the present specification.

A leaf spring of a commercial vehicle serves to support a
load of a vehicle and secure a ride quality of the vehicle.
Since a composite material leatl spring formed by a single
board used 1n a large truck and a transverse leal spring
applied to a medium-sized bus do not separately include a
spring whose stiflness 1s adjusted, the composite material
leat spring of the single board and the transverse leaf spring
may have a single stiflness and the stifiness thereof may not
be adjusted. Accordingly, the composite material leat spring
of the single board and the transverse leaf spring may not
enhance the nide quality of the vehicle. The composite
material may be fiber reinforced plastic (FRP).

FIG. 1 1s a diagram (perspective view) for describing a
composite material spring for a suspension device of a
vehicle according to an exemplary embodiment of the
present invention. FIG. 2 1s a diagram for describing a fluid
container (or flmd member) mncluded 1n the composite
material spring for a suspension device of a vehicle illus-
trated i FIG. 1.

Referring to FIGS. 1 and 2, the composite material spring
for a suspension device of a vehicle may include a leaf
spring 10 installed 1n a body of a vehicle (e.g., a commercial
vehicle) and a wheel of the vehicle, a first fluid container 12
installed at a left side of the center of the leaf spring 10 and
including a first magnetorheological fluid, and a second fluid
container 14 installed at a right side of the center of the leaf
spring 10 and including a second magnetorheological fluid.
For example, the leaf spring 10 may be a transverse leaf
spring.

The leaf spring 10 may be formed by a single board, and
may be connected to the body of the vehicle through a
connection member 1. For example, the leaf spring 10 may
be made of a composite material such as fiber remforced
plastic (FRP).

The first fluid container 12 may include electromagnets 24
and 26 that adjust the stifiness of the composite material
spring by applying a magnetic field to the first magneto-
rheological fluid, and a fluud bag 22 including the first
magnetorheological fluid. The electromagnets 24 and 26
may be installed on both sides of the fluid bag 22, respec-
tively. For example, a material of the fluid bag 22 may be
rubber.

When the magnetic field 1s applied to the first magneto-
rheological fluid, a viscosity of the first magnetorheological
fluid may be changed to adjust (or control) the stifiness of
the first magnetorheological fluid. When the amount of
current supplied to the electromagnets 24 and 26 through
cables 28 and 30 increases, the viscosity of the first mag-
netorheological fluid increases, and as a result, the stiflness
of the first magnetorheological fluid may increase.
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The first fluid container 12 may be 1nstalled in a hole 21
formed 1n the leaf spring 10. For example, the first fluid
container 12 may be installed in the hole 21 of the leaf spring
10 through bolts 16 and 18, side plates 20 and 32, and nuts
34 and 36. In another exemplary embodiment of the present
invention, the first fluid container 12 may be installed on the
surface of the leaf spring 10.

The components of the second fluid container 14 may be
the same as those of the first fluid container 12.

FIGS. 3 and 4 are flowcharts for describing a method for
controlling driving of a vehicle using a composite material
spring for a suspension device of a vehicle according to an
exemplary embodiment of the present invention. FIG. 5 1s a
block diagram for describing a driving control device of a
vehicle to which the method for controlling driving of a
vehicle 1llustrated 1n FIGS. 3 and 4 1s applied.

Referring to FIGS. 1, 3, 4, and 5, 1n a determination step
100, a controller 220 may determine whether a longitudinal
inclination angle of a vehicle according to a rear load
(weight) of the vehicle 1s equal to or more than a reference
inclination angle (e.g., 1 degree). The rear load of the vehicle
may be generated by a person who rides in the vehicle or an
article loaded on the vehicle. For example, the longitudinal
inclination angle of the vehicle may be detected by a gyro
sensor included 1 a sensor 200 and provided to the con-
troller 220.

The controller 220 as an electronic control unit (ECU)
may control all operations of the driving control device of
the vehicle, which includes the sensor 200, the controller
220, and the composite material spring 240 1llustrated 1n
FIG. 1. The controller 220 may be, for example, one or more
microprocessors which operate by a program (control logic)
or hardware (e.g., a microcomputer) including the micro-
processors, and the program may include a series of nstruc-
tions for performing the method for controlling driving of a
vehicle using a composite material spring for a suspension
device of a vehicle according to an exemplary embodiment
of the present invention. The instructions may be stored 1n
a memory of the driving control device of a vehicle or the
controller 220.

The method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle, which 1s a process when the longitudinal inclination
angle of the vehicle 1s equal to or more than the reference
inclination angle, may proceed to step 110, and the method
for controlling driving of a vehicle using a composite
material spring for a suspension device of a vehicle, which
1s a process when the longitudinal inclination angle of the
vehicle 1s less than the reference inclination angle, may
proceed to step 105.

According to step 105, the controller 220 may control (or
adjust) the stiflness of the composite material springs 240
installed in wheels (e.g., a front-left wheel, a rear-left wheel,
a front-right wheel, and a rear-right wheel) of the vehicle
with a reference value. The reference value may be deter-
mined by a test (or an experiment).

According to step 110, the controller 220 may control the
stiflness of the composite material spring 240 installed in the
rear wheel of the vehicle to be larger than the stifiness of the
composite material spring 240 installed 1n the front wheel of
the vehicle. Accordingly, ride quality and driving stability of
the vehicle may be enhanced. For example, the stiflness of
the composite material spring 240 installed in the rear wheel
of the vehicle and the stiflness of the composite material
spring 240 installed in the front wheel of the vehicle may be
larger than the reference value. The stiflness of the compos-
ite material spring 240 installed in the front wheel of the
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vehicle may be the reference value and the stiflness of the
composite material spring 240 installed 1n the rear wheel of
the vehicle may be larger than the reference value.

According to step 115, after steps 105 and 110, the
controller 220 may determine whether a steering angle of a
steering wheel (or handle) of the vehicle 1s equal to or more
than a reference steering angle (e.g., 5 degrees). For
example, the steering angle may be detected by a steering
angle sensor included 1n the sensor 200 and provided to the
controller 220.

The method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle, which 1s a process when the steering angle of the
steering wheel of the vehicle 1s equal to or more than the
reference steering angle, may proceed to step 120, and the
method for controlling driving of a vehicle using a compos-
ite material spring for a suspension device of a vehicle,
which 1s a process when the steering angle of the steering
wheel of the vehicle 1s less than the reference steering angle,
may proceed to step 125.

According to step 120, the controller 220 may determine
whether steering of the steering wheel of the vehicle 1s
counterclockwise.

The method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle, which 1s a process when the steering of the steering,
wheel of the vehicle 1s counterclockwise (or when the
vehicle turns left), may proceed to step 145, and the method
for controlling driving of a vehicle using a composite
material spring for a suspension device of a vehicle, which
1s a process when the steering of the steering wheel of the
vehicle 1s clockwise (or when the vehicle turns right), may
proceed to step 140.

According to step 140, the controller 220 may control the
stiflness of the composite material spring 240 1nstalled 1n the
left wheel of the vehicle to be larger than the stifiness of the
composite material spring 240 1nstalled in the right wheel of
the vehicle. Accordingly, the ride quality and driving sta-
bility of the vehicle may be enhanced. For example, the
stiflness of the composite material spring 240 installed 1n the
left wheel of the vehicle may be larger than the reference
value, and the stiflness of the composite material spring 240
installed 1n the right wheel of the vehicle may be smaller
than the reference value.

According to step 145, the controller 220 may control the
stiflness of the composite material spring 240 1nstalled 1n the
right wheel of the vehicle to be larger than the stiflness of the
composite material spring 240 installed in the left wheel of
the vehicle. Accordingly, the ride quality and driving sta-
bility of the vehicle may be enhanced. For example, the
stiflness of the composite material spring 240 1nstalled 1n the
right wheel of the vehicle may be larger than the reference
value, and the stiflness of the composite material spring 240
installed 1n the lett wheel of the vehicle may be smaller than
the reference value.

According to step 125, the controller 220 may determine
whether a velocity of the vehicle 1s equal to or more than a
reference velocity (e.g., 30 (km/h)). For example, the veloc-
ity of the vehicle may be detected by a velocity sensor
included in the sensor 200 and provided to the controller
220.

The method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle, which 1s a process when the velocity of the vehicle
1s equal to or more than the reference velocity (or when the
vehicle travels at a high velocity), may proceed to step 135,
and the method for controlling driving of a vehicle using a
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composite material spring for a suspension device of a
vehicle, which 1s a process when the velocity of the vehicle
1s less than the reference velocity (or when the vehicle
travels at a low velocity), may proceed to step 130.

According to step 130, the controller 220 may control (or
adjust) the stiflness of the composite material springs 240
installed 1n the front wheel, the rear wheel, the left wheel,
and the right wheel of the vehicle with the reference value.

According to step 135, the controller 220 may control (or
adjust) the stiflness of the composite material springs 240
installed 1n the front wheel, the rear wheel, the left wheel,
and the right wheel of the vehicle to be smaller than the
reference value. Accordingly, the ride quality and driving
stability of the vehicle may be enhanced.

According to step 150, after steps 130, 135, 140, and 145,
the controller 220 may determine whether an acceleration
velocity (or an acceleration) of the vehicle 1s equal to or
more than a reference acceleration velocity (e.g., 3.92
(m/s*)). For example, the acceleration velocity of the vehicle
may be detected by an acceleration sensor included in the
sensor 200 and provided to the controller 220.

The method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle, which 1s a process when the acceleration velocity of
the vehicle 1s equal to or more than the reference accelera-
tion velocity, may proceed to step 160, and the method for
controlling driving of a vehicle using a composite material
spring for a suspension device of a vehicle, which 1s a
process when the acceleration velocity of the vehicle 1s less
than the reference acceleration velocity, may proceed to step
155.

According to step 160, the controller 220 may determine
whether an acceleration of the vehicle 1s a forward-direction
acceleration of the vehicle.

The method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle, which 1s a process when the acceleration of the
vehicle 1s the forward-direction acceleration (or when the
vehicle 1s suddenly accelerated), may proceed to step 170,
and the method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle, which 1s a process when the acceleration of the
vehicle 1s a backward-direction acceleration of the vehicle
(or the vehicle 1s suddenly braked), may proceed to step 165.

According to step 165, the controller 220 may control the
stiflness of the composite material spring 240 1nstalled 1n the
front wheel of the vehicle to be larger than the reference
value. Accordingly, the ride quality and driving stability of
the vehicle may be enhanced.

According to step 170, the controller 220 may control the
stiflness of the composite material spring 240 1nstalled 1n the
rear wheel of the vehicle to be larger than the reference
value. Accordingly, the ride quality and driving stability of
the vehicle may be enhanced.

According to step 155, the controller 220 may control (or
adjust) the stifiness of the composite material springs 240
installed 1n the front wheel, the rear wheel, the left wheel,
and the right wheel of the vehicle with the reference value.

According to another exemplary embodiment of the pres-
ent 1nvention, steps 150, 155, 160, 165, and 170 may be
performed after steps 105 and 110.

According to step 175, after steps 155, 165, and 170, the
controller 220 may determine whether there 1s a bump or
protrusion (e.g., a speed bump) on a front road on which the
vehicle 1s to travel. For example, the protrusion on the road
may be detected by a camera included 1n the sensor 200 and
provided to the controller 220.
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The method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle, which 1s a process when there 1s the protrusion on
the front road of the vehicle, may proceed to step 180, and
the method for controlling driving of a vehicle using a
composite material spring for a suspension device of a
vehicle, which 1s a process when there 1s no protrusion on
the front road of the vehicle (or the front road of the vehicle
1s a ftlat road), may proceed to step 185.

According to step 180, when the front wheel of the
vehicle reaches the protrusion, the controller 220 may con-
trol the stiflness of the composite material spring 240
installed 1n the front wheel of the vehicle to be smaller than
the reference value, and then when the rear wheel of the
vehicle reaches the protrusion, the controller 220 may con-
trol the stiflness of the composite material spring 240
installed in the rear wheel of the vehicle to be smaller than
the reference value. Accordingly, the ride quality and driving,
stability of the vehicle may be enhanced.

The controller 220 may calculate a time that it takes for
the front wheel of the vehicle to reach the protrusion, based
on the velocity of the vehicle detected by the velocity sensor
included in the sensor 200, a position of the protrusion
detected by the camera included 1n the sensor 200, and a
distance between the vehicle and the protrusion detected by
light detection and ranging (L1DAR) included 1n the sensor
200. The controller 220 may calculate a time that 1t takes for
the rear wheel of the vehicle to reach the protrusion, based
on the velocity of the vehicle detected by the velocity sensor
included 1n the sensor 200, the position of the protrusion
detected by the camera included in the sensor 200, the
distance between the vehicle and the protrusion detected by
the light detection and ranging (LiDAR) included in the
sensor 200, and a distance (wheelbase) between the front
wheel and the rear wheel of the vehicle.

According to step 185, the controller 220 may control (or
adjust) the stiflness of the composite material springs 240
installed 1n the front wheel, the rear wheel, the left wheel,
and the right wheel of the vehicle with the reference value.

According to another exemplary embodiment of the pres-

ent 1nvention, steps 175, 180, and 185 may be performed
after steps 105 and 110.

A component, “umt”, or block or module used in the
exemplary embodiments of the present mmvention may be
implemented as software such as a task, a class, a sub
routine, a process, an object, an execution thread, and a
program performed 1n a predetermined area on the memory
or hardware such as a field programmable gate array
(FPGA) or application-specific integrated circuit (ASIC),
and further, may be configured by a combination of the
software and the hardware. The component or ‘unit’ may be
included in a computer readable storage medium and some
of the component or ‘unit’ may be dispersed and distributed
in a plurality computers.

As described above, the embodiments are disclosed in the
drawings and the specification. Although specific terms have
been used herein, the terms are only used for the purpose of
describing embodiments of the present invention and are not
used to limit a meaning or limit the scope of the present
invention defined in the claims. Therefore, those skilled in
the art will appreciate that various modifications and equiva-
lent embodiments can be made from the present invention.
Accordingly, the true technical scope of the present inven-
tion should be defined by the technical spirit of the appended

claims.
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What 1s claimed 1s:

1. A composite maternal spring for a suspension device of
a vehicle, the composite material spring comprising:

a leat spring configured to be installed at a body of the

vehicle and a wheel of the vehicle;

a first fluid container installed at a left side of a center of
the leaf spring and including a first magnetorheological
flmid; and

a second flmd container installed at a right side of the
center of the leafl spring and including a second mag-
netorheological fluid, wherein:

the first fluid container includes first electromagnets con-
figured to apply a first magnetic fluid to the first
magnetorheological fluid to adjust a stiflness of the
composite material spring; and

the second fluid container includes second electromagnets
configured to apply a second magnetic field to the
second magnetorheological fluid to adjust the stifiness
of the composite material spring.

2. The composite material spring of claim 1, wherein the
first fluid container and the second fluid container are
installed 1n respective holes 1n the leaf spring.

3. The composite material spring of claim 1, wherein the
first fluid container and the second fluid container are
installed on a respective surface of the leat spring.

4. A method for controlling driving of a vehicle using a
composite material spring for a suspension device of the
vehicle, the method comprising:

determiming a longitudinal inclination angle of the vehicle
according to a rear load of the vehicle as being greater
than or equal to a reference inclination angle; and

controlling a stiflness of the composite material spring
installed at a rear wheel of the vehicle to be larger than

a stiflness ol a composite material spring installed at a

front wheel of the vehicle,

wherein the composite material spring comprises:

a leaf spring installed at each of a body of the vehicle
and wheels of the vehicle, including the front wheel
and the rear wheel of the vehicle;

a first fluid container 1nstalled at a left side of a center
of the leaf spring and including a first magnetorheo-
logical fluid having a stifiness adjusted according to
an amount of output current of a controller; and

a second fluid container installed at a right side of the
center of the leal spring and including a second
magnetorheological fluid having a stiflness adjusted
according to the amount of output current of the
controller.

5. The method of claim 4, wherein:

the first fluid container includes first electromagnets that
apply a first magnetic field to the first magnetorheo-
logical fluid to adjust the stifiness of the first magne-
torheological fluid; and

the second fluid container includes second electromagnets
that apply a second magnetic field to the second mag-
netorheological fluid to adjust the stifiness of the sec-
ond magnetorheological fluid.

6. The method of claim 4, wherein the first fluid container
and the second fluid container are installed 1n respective
holes 1n the leaf spring.

7. The method of claim 4, wherein the first fluid container
and the second fluid container are installed on respective
surfaces of the leafl spring.

8. The method of claim 4, further comprising:

determining that a steering angle of a steering wheel of the
vehicle 1s greater than or equal to a reference steering
angle;
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determining that steering of the steering wheel of the
vehicle 1s counterclockwise; and

controlling the stifiness of a composite material spring
installed at a nght wheel of the vehicle to be larger than
the stiflness of a composite material spring installed at
a left wheel of the vehicle.

9. The method of claim 4, turther comprising;:

determining that a steering angle of a steering wheel of the
vehicle 1s greater than or equal to a reference steering
angle;

determining that steering of the steering wheel of the
vehicle 1s clockwise; and

controlling the stiflness of a composite material spring
installed at a left wheel of the vehicle to be larger than
the stifiness of a composite material spring installed at
a right wheel of the vehicle.

10. The method of claim 4, turther comprising;:

determining that a steering angle of a steering wheel of the
vehicle 1s less than a reference steering angle;

determining that a velocity of the vehicle 1s greater than
or equal to a reference velocity; and

controlling the stiflness of the composite material springs
installed at each of the wheels of the vehicle to be
smaller than a reference value.

11. The method of claim 4, further comprising:

determining that a steering angle of a steering wheel of the
vehicle 1s less than a reference steering angle;

determining that a velocity of the vehicle 1s less than a
reference velocity; and

controlling the stiflness of the composite material springs
installed at each of the wheels of the vehicle with a
reference value.

12. The method of claim 4, turther comprising;:

determining that an acceleration velocity of the vehicle 1s
greater than or equal to a reference acceleration veloc-
ity

determining that an acceleration of the vehicle 1s a for-
ward-direction acceleration of the vehicle; and

controlling the stifiness of the composite material spring
installed at the rear wheel of the vehicle to be larger
than a reference value.

13. The method of claim 4, further comprising:

determining that an acceleration velocity of the vehicle 1s
less than a reference acceleration velocity; and

controlling the stiflness of the composite material springs
installed at each of the wheels of the vehicle with a
reference value.

14. The method of claim 4, turther comprising;:

determining that an acceleration velocity of the vehicle 1s
greater than or equal to a reference acceleration veloc-
ity

determining that an acceleration of the vehicle 1s a back-
ward-direction acceleration of the vehicle; and

controlling the stiflness of the composite material spring
installed at the front wheel of the vehicle to be larger
than a reference value.

15. The method of claim 4, further comprising:

determining there 1s a protrusion on a front road on which
the vehicle 1s to travel; and

controlling, the stifiness of the composite maternial spring
installed at the front wheel of the vehicle to be smaller
than a reference value when the front wheel of the
vehicle reaches the protrusion, and then controlling the
stiflness of the composite material spring installed at
the rear wheel of the vehicle to be smaller than the
reference value when the rear wheel of the vehicle

reaches the protrusion.
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16. The method of claim 4, further comprising;:

determiming there 1s no protrusion on a front road on
which the vehicle 1s to travel; and

controlling the stiflness of the composite material springs
installed at each of the wheels of the vehicle with a
reference value.

17. A method for controlling driving of a vehicle using a

composite material spring for a suspension device of the
vehicle that includes a composite material spring at each of
a body of the vehicle and wheels of the vehicle, wherein
cach of the composite material springs comprises a leal
spring, a first fluid container installed at a left side of the leat
spring and including a first magnetorheological fluid having,
a stiflness adjusted according to an amount of output current
of a controller, and a second fluid container installed at a
right side of the leaf spring and including a second magne-

* e

ness adjusted according to

determining whether a longitudinal inclination angle of
the vehicle according to a rear load of the vehicle 1s
greater than, equal to, or less than a reference inclina-
tion angle; and
controlling a stifflness of the composite material spring
installed at one of the wheels of the vehicle based on
whether the longitudinal inclination angle of the
vehicle according to the rear load of the vehicle 1is
greater than, equal to, or less than the reference 1ncli-
nation angle;
wherein controlling the stiflness of the composite material
spring comprises controlling the stifiness of the com-
posite material spring installed at the rear wheel of the
vehicle to be larger than the stiflness of the composite
material spring installed at the front wheel of the
vehicle when the longitudinal inclination angle of the
vehicle 1s greater than or equal to the reference incli-
nation angle; and
wherein controlling the stiflness of the composite material
spring comprises controlling the stifiness of the com-
posite material springs installed at each of the wheels of
the vehicle with a first reference value when the lon-
gitudinal inclination angle of the vehicle 1s less than the
reference inclination angle.
18. The method of claim 17, further comprising:
determining whether a steering angle of a steering wheel
of the vehicle 1s greater than, equal to, or less than a
reference steering angle;
wherein when it 1s determined the steering angle 1s greater
than or equal to the reference steering angle, the
method further comprises:
determining whether steering of the steering wheel of
the vehicle 1s counterclockwise or clockwise:
controlling the stiflness of the composite material
spring installed at a right wheel of the vehicle to be
largor than the stiflness of the composite material
spring installed at a left wheel of the vehicle when 1t
1s determined that the steering 1s counterclockwise;
and
Controlling the stiflness of the composite material
spring installed at the left wheel of the vehicle to be
larger than the stiflness of the composite material
spring installed at the right wheel of the vehicle
when it 1s determined that the steering 1s clockwise;
or
wherein when 1t 1s determined that the steering angle 1s
less than the reference steering angle, the method

further comprises:
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determining whether a velocity of the vehicle 1s greater
than, equal to, or less than a reference velocity;

controlling the stifiness of the composite material
springs 1nstalled at each of the wheels of the vehicle
to be smaller than a second reference value when 1t
1s determined that the velocity of the vehicle 1s
greater than or equal to the reference velocity; and

controlling the stifilness of the composite material

springs installed at each of the wheels of the vehicle
with the second reference value when it 1s deter-
mined that the velocity of the vehicle 1s less than the
reference velocity.
19. The method of claim 17, further comprising:
determining whether an acceleration velocity of the
vehicle 1s greater than, equal to, or less than a reference
acceleration velocity;
wherein when 1t 1s determined that the acceleration veloc-
ity ol the vehicle 1s greater than or equal to the
reference acceleration velocity, the method further
COmprises:
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determining whether an acceleration of the vehicle 1s a
forward-direction acceleration of the vehicle or a
backward-direction acceleration of the vehicle;

controlling the stifiness of the composite material
spring installed at the rear wheel of the vehicle to be
larger than a second reference value when 1t 1s
determined that the acceleration of the vehicle 1s the
forward-direction acceleration of the vehicle; and

controlling the stifiness of the composite material
spring installed at the front wheel of the vehicle to be
larger than the second reference value when it 1s
determined that the acceleration of the vehicle 1s the
backward-direction acceleration of the vehicle; or
wherein when 1t 1s determined that the acceleration veloc-
ity of the vehicle 1s less than the reference acceleration
velocity, the method further comprises:

controlling the stiflness of the composite material
springs installed at each of the wheels of the vehicle
with the second reference value.

G o e = x



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 11,453,263 B2 Page 1 of 1
APPLICATION NO. : 17/371686

DATED : September 27, 2022

INVENTORC(S) : Jimgyo Suh

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

Claim 8, Column 11, Line 3; delete “a composite” and insert --the composite--.
Claim 8, Column 11, Line 5; delete “a composite” and insert --the composite--.
Claim 9, Column 11, Line 13; delete “a composite” and insert --the composite--.
Claim 9, Column 11, Line 13; delete “a composite” and insert --the composite--.
Claim 15, Column 11, Line 61; delete “at the” and nsert --1n the--.

Claim 17, Column 12, Line 32; delete “the rear” and insert --a rear--.

Claim 17, Column 12, Line 33; delete “the stitfness of the composite” and insert --a stiffness of a
composite--.

Claim 17, Column 12, Line 34; delete “the front” and insert --a front--.

Signed and Sealed this
First Day of November, 2022

Katherine Kelly Vidail
Director of the United States Patent and Trademark Office
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